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(57) ABSTRACT 

An apparatus and method for generating electronically Steer 
able beams of Sequential penetrating radiation. Charged 
particles from a Source are formed into a beam and accel 
erated to a target. Electromagnetic radiation generated by the 
target is emitted with an angular distribution which is a 
function of the target thickness and the energy of the 
particles. A beam of particles is produced by allowing the 
radiation to exit from an apparatus through a collimator 
proximal to the target. The direction of the beam is deter 
mined by the point of radiation production and the corre 
sponding array of transmission regions of the collimator. 
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SYSTEM FOR INSPECTING THE CONTENTS OF A 
CONTAINER 

0001. This application is a Continuation-in-Part of co 
pending application No. 09/395,331 filed Sep. 13, 1999, 
claiming priority from provisional application 60/110,525 
filed Dec. 1, 1998, and furthermore claims priority from 
provisional application No. 60/140,767, filed Jun. 24, 1999. 
All of these applications are incorporated herein by refer 
CCC. 

TECHNICAL FIELD 

0002 The present invention relates to the production of 
Sequential beams of penetrating electromagnetic radiation 
and, in particular, to the generation of Sequential and parallel 
beams of radiation in the X-ray region of the electromagnetic 
wave spectrum. 

BACKGROUND TO THE INVENTION 

0.003 For many applications of X-ray radiation, steerabil 
ity of the X-ray illumination is advantageous. Methods 
currently employed for providing a beam that either Scans 
periodically or may be directed to a Specified direction are 
typically massive and Slow. This is because current methods 
attempt to Steer the X-ray radiation either by moving the 
Source in its entirety, or by physically moving massive 
collimators interposed in the path of the X-ray beam. 
Mechanical Scanning Systems use X-ray tubes in which the 
electron beam trajectory is fixed. Consequently, the areas 
that may be scanned at a given time are limited by how fast 
the device which Steers the X-ray beam can be moved. 
Further, lead is usually used to absorb any radiation that is 
undesirable, which makes current X-ray Steering devices 
heavy and awkward. 
0004 Additionally, with fixed electron beam sources, 
X-ray imaging may be distorted. This is because the X-ray 
beams pass through an inspected region at different angles 
thereby subtending different volumes of the inspected 
object. Mechanical chopper Systems with fixed beam size 
also have a fixed spatial resolution at a fixed distance from 
the X-ray generator So Zooming, or magnification of the 
image of a particular region of an inspected object, can only 
be accomplished by manipulating the image pixels. 

SUMMARY OF THE INVENTION 

0005. In accordance with one aspect of the invention, in 
a preferred embodiment, an apparatus for generating 
Sequential beams of penetrating electromagnetic radiation is 
provided. The apparatus includes a Source for producing a 
beam of charged particles and a target. An electromagnetic 
Steering device directs the charged particles to Strike the 
target at a Substantially ninety degree angle. The target 
receives the beam of charged particles and, consequently, 
emits electromagnetic waves. The electromagnetic waves 
pass through a collimator and emerge from the array of 
transmitting regions in a Series of parallel beams of electro 
magnetic radiation as the beam of charged particles is 
directed at a plurality of Specified locations on the target. 
0006. In accordance with another aspect of the invention, 
an apparatus for generating penetrating electromagnetic 
radiation of variable beam opening is provided. The appa 
ratus has a Source for producing a beam of charged particles, 
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a target, and at least one collimator that is moveable in a 
direction normal to the target in Such a manner as to change 
the Spatial resolution. 
0007. In accordance with further embodiments of the 
apparatus, the collimator includes apertures in an absorbing 
matrix. The absorbing matrix may be lead or mercury. In 
another embodiment, the collimator includes Substantially 
parallel transmitting rods in an absorbing matrix. 
0008. In other preferred embodiments, the source for 
producing a beam of charged particles includes an electron 
gun or an ion beam gun. The Source for producing a beam 
of charged particles may also be a cathode ray tube. The 
charged particles may also be accelerated toward the target 
Such that they attain relativistic energy. 
0009. In accordance with another aspect of the invention, 
a method for generating Sequential beams of penetrating 
radiation is provided in which a Source for producing 
charged particles Supplies a beam of particles which is 
directed to a plurality of Specified locations on a target. The 
charged particles are Steered Such that they hit the target at 
a Substantially ninety degree angle, and radiation is pro 
duced which is then collimated. In a preferred embodiment, 
the position of the collimator with respect to the Source of 
radiation can be varied Such as to change the Spatial reso 
lution of the beams and thus produce a true Zooming effect. 
0010. In accordance with a further aspect of the inven 
tion, an improvement is provided to a System of the kind 
employing penetrating radiation for characterizing an object 
concealed by a concealing Surface. The improvement has an 
apparatus for generating Sequential beams of penetrating 
radiation. The apparatus includes a Source for producing a 
beam of charged particles, a target, a electromagnetic Steer 
ing device to force the charged particles to Strike the target 
at a Substantially ninety degree angle, and a collimator 
having an array of transmitting regions disposed near the 
target. Electromagnetic waves emitted from the target pass 
through the collimator and emerge from the array of trans 
mitting regions in a Series of parallel beams as the beam of 
charged particles is directed at a plurality of Specified 
locations on the target. The penetrating radiation may also be 
multiplexed to provide a SeamleSS image. 
0011. In accordance with yet a further aspect of the 
invention, an improvement is provided to a System of the 
kind employing penetrating radiation for characterizing an 
object concealed by a concealing Surface. The improvement 
has an apparatus for generating penetrating radiation of 
variable beam opening. The apparatus includes a Source for 
producing a beam of charged particles, a target, an electro 
magnetic beam director, and at least one collimator that is 
moveable in a direction normal to the target in Such a manner 
as to change the Spatial resolution. 
0012. In accordance with another preferred embodiment 
of the invention, a method is provided for varying Spatial 
resolution of an imaging System wherein a Source for 
producing charged particles and a collimator are provided, 
the particles are directed to a plurality of Specified locations 
on a target to produce penetrating electromagnetic radiation, 
and a distance between the target and the collimator is 
adjusted. The electromagnetic radiation may also be multi 
plexed to provide a SeamleSS image. 
0013 In accordance with another embodiment of the 
invention, a System is provided for inspecting the contents of 
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containers which includes a first Source for emitting a beam 
of penetrating electromagnetic radiation from an address 
able position on a target in a first direction, a conveyor for 
moving the container relative to the first Source, a Second 
Source for emitting penetrating radiation in a direction 
Substantially opposite to the first direction, a first detector for 
detecting radiation emitted by the first Source and generating 
a first Signal, a Second detector for detecting radiation 
emitted by the Second Source and generating a Second Signal, 
and a controller for characterizing the contents of the con 
tainer based at least on the first and Second Signals. 

BRIEF DESCRIPTION OF THE FIGURES 

0.014. The foregoing features of the invention will be 
more readily understood by reference to the following 
detailed description taken with the accompanying drawings 
in which: 

0.015 FIG. 1(a) provides a schematic representation in 
plan View of a Source of Sequential and X-ray beams in 
accordance with a preferred embodiment of the present 
invention. 

0016 FIG. 1(b) is side view of the embodiment repre 
sented by FIG. 1(a). 
0017 FIG. 2 provides a schematic representation of a 
Source of Sequential X-ray beams used in a System to detect 
concealed objects in luggage using horizontal beams of 
penetrating radiation. 
0.018 FIG. 3 provides a detailed schematic representa 
tion of a preferred embodiment of the present invention in a 
System to detect concealed objects using Sequential penetrat 
ing radiation. 
0.019 FIG. 4 provides a schematic representation of the 
embodiment of FIG. 2 as it is used to inspect a very large 
aca. 

0020 FIGS. 5(a)-5(c) provide a schematic representation 
of another preferred embodiment of the present invention 
wherein a two dimensional array of Sequential penetrating 
radiation is generated and wherein: 
0021 FIG. 5(a) provides a top view of the embodiment 
of the invention. 

0022 FIG. 5(b) provides a side view of the embodiment 
of the invention. 

0023 FIG. 5(c) provides a front view of the embodiment 
of the invention. 

0024 FIGS. 6(a) and 6(b) provide a schematic represen 
tation of a preferred embodiment of the present invention 
wherein the Spatial resolution of an imaging System is 
achieved. 

0.025 FIG. 7 provides a schematic representation illus 
trating the non-uniformity of X-ray beams which are gener 
ated by a high energy Scanned electron beam. 
0.026 FIG. 8 provides a schematic representation of 
another preferred embodiment of the present invention 
wherein uniform high energy electromagnetic radiation is 
generated. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0027 FIG. 1(a) shows a plan view of a preferred 
embodiment of an apparatus for generating Sequential beams 
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of penetrating electromagnetic radiation, designated gener 
ally by numeral 10. A Source 12 Supplies a beam of charged 
particles 14 that are accelerated to a Surface of a target 16. 
The beam 14 can either be Scanned across the target 16 in a 
fixed pattern or directed to Successive locations in a par 
ticular pattern on the target. A region 20 of the target 16, 
shown more clearly in FIG. 7, impinged upon by the 
charged particle beam 14 shall be referred to as the “focal 
Spot size.” Electromagnetic beam director 18 can be any 
electromagnetic beam directing arrangement Such as mag 
netic or electroStatic yokes. Penetrating electromagnetic 
radiation is emitted by target 16. Penetrating electromag 
netic radiation refers to electromagnetic waves of Sufficient 
energy to pass through articles to be inspected, and may be 
referred to herein, without limitation, as X-rays. The X-rays 
pass through a collimator 22 disposed a specified distance d, 
shown more clearly in FIG. 1(b), from the target, thus 
producing Sequential parallel beams of radiation 24. 
0028. The region 20 of the target 16 that emits X-rays can 
be adjusted by focusing or defocusing the charged particle 
beam 14 onto the target 16. Collimator 22 is typically 
displaced 3-10 inches from the target, however, the displace 
ment may be any distance Suited to a particular application 
within the scope of the invention and the displacement 15 
may be varied, as will be explained in more detail with 
respect to FIGS. 6(a) and 6(b) below. Source 12 may be any 
device which generates charged particles Such as a cathode, 
an electron gun, or an ion beam gun. 
0029. The beam of charged particles 14 may additionally 
be steered toward the target 16 by a permanent magnet, an 
electromagnet, or other steering device 92 as shown in FIG. 
8. The target 16 may be made of any material known to 
produce electromagnetic radiation when charged particles 
collide with it, Such as a metallic anode. The collimator 22 
may be made of any material absorptive of electromagnetic 
radiation, Such as lead or mercury. 
0030. It should also be understood that the collimator 22 
can have Several independent linear arrays of apertures of 
different sizes and different configurations. Each array can 
be activated by moving the collimator plate So that the 
Selected linear array is positioned in front of the target being 
Scanned by the linearly Scanned particle beam or by Steering 
the charged particle beam 14 to a new Scanning trajectory on 
the X-ray generating anode; the new trajectory being aligned 
to another array of apertures. 

0031 FIG. 2 shows another preferred embodiment of the 
present invention wherein penetrating radiation is used in a 
System for characterizing an object concealed by a conceal 
ing Surface, for example, a Suitcase 30 or a cargo container. 
In this arrangement, two X-ray Sources (26 and 28) are 
provided to produce Sequential beams of radiation 24 that 
are emitted from collimator 22 parallel to the direction of 
motion of the container 30. 

0032. With Such an arrangement, the radiation does not 
pass through the conveyor belt 44. The Sequential beams of 
radiation 24 penetrate concealing Surface 32 of container 30. 
The radiation 24 is scattered by objects within container 30. 
Back Scatter detector 34 is disposed on the same Side of 
container 30 as collimator 22. Transmission detector 36 is 
disposed on the opposite side of container 30 from collima 
tor 22. Side scatter detectors 38 may be disposed lateral to 
the collimator 22. Sequential beams of penetrating radiation 
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24, Such as X-rays, may be in the form of a pencil beam that 
is raster Scanned in the plane perpendicular to the beams 24. 
Detectors 34, 36, and 38 may each include, without limita 
tion, X-ray detectors arranged in a linear or planar configu 
ration. 

0.033 FIG. 3 illustrates an inspection system in accor 
dance with another preferred embodiment of the present 
invention which uses two independent rastered beams of 
Sequential parallel X-rays. One X-ray apparatus 40 sits under 
neath the container 30 and another X-ray apparatus 42 sits 
above the container 30. The X-ray appatuses 40 and 42 are 
positioned head to toe as shown. The container 30 is moved 
by a conveyor 44. The lower X-ray apparatus 40, and upper 
X-ray apparatus 42, may be similar to that shown in FIG. 1. 
The Sequential beams of penetrating radiation 24 are 
directed perpendicular to the motion of the container 30 on 
the conveyor belt 44 and move acroSS concealing Surface 32 
into a transmission detector 36 which detects the X-rays 
transmitted through container 30. The back scatter detector 
34 detects the X-rays that have scattered from the container 
30 in the back direction. The detector 35 detects the X-rays 
that have scattered form container 30 in the forward direc 
tion. Detector array 38 detects the X-rays that have scattered 
from the container 30 sideways. Note that, in general, there 
will be two detector arrays 38, one on either side of the 
container 30. Apparatus 42, which sits above the container 
is shown with only the transmission detector 36 and back 
Scatter detector 34. 

0034. It should be noted further that in some applications 
it may be advantageous to have the X-ray apparatuses, 40 
and 42, with their respective detectors, on either Side of the 
container 30, rather than at the top and bottom. Container 30 
may be moved along conveyor 44 during inspection by 
Sequential beams of radiation from collimators 22, or may be 
scanned while stationary. The use of vertical (as in FIG. 3) 
or horizontal (as in FIG. 2) curtains of radiation is dictated 
by practical considerations only. For example, the arrange 
ment of FIG. 2 can be simple and inexpensive while the 
arrangement of FIG. 3 has the advantage of being very 
compact. The other aspects of the embodiment of FIG.3 are 
identical to those described in relation to FIG. 2. 

0035 FIG. 4 shows how the present invention may be 
used to inspect very large width containers. A plurality of 
X-ray apparatuses 10, each capable of generating a Scanned 
beam, are displaced along the conveyor 44 either in a row, 
or otherwise disposed with respect to each other in Some 
manner. It is Straightforward to combine a plurality of 
apparatuses to produce a single image because the images 
are all produced from parallel and Sequential beams of 
radiation. The use of parallel beams allows the beams to be 
multiplexed to produce a Seamless image. 

0036 FIGS. 5(a)-5(c) illustrate another preferred 
embodiment of the invention wherein a two dimensional 
array of parallel and Sequential beams of radiation is pro 
duced. As shown in FIG. 5(a) a single beam of charged 
particles 14 impinges upon a target 16. The beam 14 is 
scanned over the target as shown in FIG. 5(b). The single 
beam of particles 14 creates a two dimensional array of 
parallel and Sequential beams of radiation due to the con 
figuration of the collimator 22 which is shown more clearly 
in FIG. 5(c). The range of Scanning defines a defining area 
of Scanning, that is, the product of the dimension 26 by the 
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dimension 28 in the orthogonal direction. In addition to 
Scanning, the beam of particles 14 may readily be directed 
to particular positions or regions, Such as when additional 
Scrutiny of an area of an object is called for. 
0037 FIGS. 6(a) and 6(b) illustrate how a source of 
electromagnetic radiation of variable beam opening can be 
produced by varying the distance of the collimator-array 
plane with respect to the X-ray generating plane and, at the 
Same time, reducing the dimensions that the particle beam 
Scans of the target. In this way, Specific areas of the container 
can be examined with better resolution than is practical with 
a Scan over the full area of the container. For purposes of this 
disclosure “beam opening” is defined as the half angle of the 
cone of radiation emitted from one aperture of the collimator 
array. 

0038 AS can be seen in FIG. 6(a), the size of the beam 
opening 50 increases with its distance from the target 16. In 
FIG. 6(a), the collimator 22 is a distance d1 from the target 
16, and a distance d2 from the detector 52. The size of the 
beam opening 50 at the detector 52 is the radius of the 
collimator aperture 54 times the ratio (d1+d2)/d1. As the 
aperture 54 is moved further form the target 16, the size of 
the beam opening 50 decreases. In FIG. 6(b), the distance d3 
is three times that of distance d1 and the angular spread of 
the beam 60 is three times Smaller than the angular spread 
of the beam 50. Thus, the resolution 66 is three times higher 
than the resolution 56. The raster Scanning technique of this 
invention allows the operator to Select the area of the Scan 
as well as the dwell time per pixel So as to attain the best 
Spatial resolution and image contrast of a given object. 
0039 FIG. 7 illustrates how non-uniform X-ray beams 70 
and 72 are generated when high energy particles impinge 
upon a target in prior art Systems. A high energy electron 
beam 74 is deflected toward an anode 76 by a steering 
magnet 78. The electron beam 74 may strike the anode 76 
either head on 72 or at an angle 70. The X-ray radiation 
pattern is shown as an ellipse with the greatest intensity in 
the direction of the electron 80 and the least intensity in the 
back direction. If one uses a pin-hole collimator 82 to select 
an emergent X-ray, then the X-ray intensities and energy 
Spectra through the pin-hole are very different in the cases as 
shown by components 84 and 86. 
0040 FIG. 8 shows a preferred embodiment of the 
present invention which obviates the problem illustrated by 
FIG. 7. A beam of charged particles 14 is directed by a 
electromagnetic beam director 90. The particles 14 then pass 
through a electromagnetic Steering device 92, which may be 
the field of an electromagnet or permanent magnet, and 
emerge in beams 94 that are parallel to the original direction 
of the particle beam 14. Electromagnetic Steering means for 
producing the beams of electrons that are parallel to, but 
displaced from, the originating beam are well known in the 
art. The parallel beams 94 hit the target 16 at a substantially 
ninety degree angle to the target. The forward component of 
the uniform radiation 96 traverses a collimator 22 with 
parallel transmitting regions 98 to produce high energy 
parallel beams of radiation 100. Transmitting regions 98 
may be apertures, for example, or rods or hollow tubes of a 
material, Such as plastic, that attenuates the X-rays Substan 
tially less than the Surrounding attenuating material. 
0041 Advantages of preferred embodiments of the 
present invention include electromagnetic control of the 
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region over which the particles Scan the target and, conse 
quently, control of the region over which the penetrating 
electromagnetic radiation Scans the area to be inspected. 
Additionally, the invention provides electromagnetic control 
of the penetrating radiation beam at every point So that 
intensity and dwell time can be modulated for different 
purposes. For example, the time to inspect a large object can 
be minimized by changing the dwell time in each pixel 
according to the amount of absorption Suffered by the 
penetrating radiation beam. This is particularly advanta 
geous in the case of a moving vehicle. Further, ambient 
radiation can by minimized by modulating the radiation 
intensity So that minimal radiation is emitted in directions 
where the Safety of perSons might be jeopardized. 
0.042 Another particularly strong advantage of the 
approach of the present invention is that higher beam 
currents may be attained for the same focal Spot size. 
Mechanical Scanning Systems use X-ray tubes in which the 
electron beam trajectory is fixed. If the anode is Stationary, 
then the maximum electron power that can be Sustained is 
determined by the ability of the anode to carry away heat, 
and that ability is a direct function of beam power in the 
focal spot. Since the focal Spot is a primary determinant of 
the best attainable Spatial resolution, it is important to keep 
its dimensions Small. At the same time, one would like to 
generate the maximum number of X-rays, which requires the 
maximum power. If the electron beam spot on the anode is 
Stationary, as it is in the Standard X-ray tube, then the 
designer must Strike a compromise between beam flux and 
beam resolution. To increase the effective area, keeping the 
beam Spot sized fixed, rotating anode tubes are available; the 
effective target area is just the circumference of the rotating 
circle times the perpendicular length of the electron beam on 
the anode. In the approach of the present invention, however, 
the effective cooling area is the effective focal Spot diameter 
times the length of the Scan, which can be much greater than 
the circumferential length of a rotating anode tube. Calcu 
lations show that, with the present invention, the power 
density in the particle beam can be as much as one hundred 
times greater than can be used with commercial X-ray tubes 
using fixed electron beams and thus the effective Spatial 
resolution can be more than ten times Smaller. 

0043. In addition, use of sequential and parallel beams of 
radiation may advantageously provide an undistorted image 
and minimize the distortion due to the Scan position. Further, 
Sequential and parallel beams of radiation make the intensity 
of the radiation more uniform for a given energy of the 
charged particles used to generate the radiation. 
0044) Other advantages of the present invention include 
reduction of the footprint of X-ray inspection Systems, 
greater flexibility in the geometrical design of detectors, and 
creation of a SeamleSS image of a large area by combining 
independent images of portions of the area. 
0.045 Finally, the electromagnetic scanning method of 
the present invention has the potential for easily producing 
true Zooming because a change in the position of the 
collimator array relative to the emitting target changes the 
resolution. 

0.046 While the invention has been described in connec 
tion with specific embodiments thereof, it will be understood 
that it is capable of further modification. This application is 
intended to cover any variation, uses, or adaptions of the 
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invention and including Such departures from the present 
disclosure as come within known or customary practice in 
the art to which invention pertains. 

What is claimed is: 
1. An apparatus for generating Sequential beams of pen 

etrating electromagnetic radiation comprising: 
a Source for producing a beam of charged particles, 
a target having a Surface which receives the beam of 

charged particles and emits electromagnetic waves in 
response thereto; 

an electromagnetic beam director that directs the beam of 
charged particles to a plurality of Specified locations on 
the target; 

an electromagnetic Steering device disposed proximal to 
the target, the electromagnetic Steering device directing 
the charged particles to Strike the target at a Substan 
tially ninety degree angle to the Surface of the target; 
and 

a collimator, the collimator having an array of transmit 
ting regions and being disposed proximal to the target 
Such that electromagnetic waves emitted from the tar 
get pass through the collimator and emerge from the 
array of transmitting regions in a Series of parallel 
beams. 

2. An apparatus according to claim 1, further including a 
collimator Selector for positioning a specified collimator 
chosen from a set of collimators proximal to the target. 

3. An apparatus according to claim 1, wherein the colli 
mator includes a linear array of apertures. 

4. An apparatus according to claim 1, wherein the colli 
mator includes an areal array of apertures. 

5. An apparatus according to claim 1, wherein the colli 
mator includes a plurality of linear arrayS. 

6. An apparatus according to claim 1, wherein the pen 
etrating electromagnetic radiation includes X-rayS. 

7. An apparatus according to claim 1, wherein the colli 
mator includes a plurality of apertures in an absorbing 
matrix. 

8. An apparatus according to claim 7, wherein the absorb 
ing matrix is lead. 

9. An apparatus according to claim 1, wherein the colli 
mator includes Substantially parallel transmitting rods in an 
absorbing matrix. 

10. An apparatus according to claim 9, wherein the rods 
are hollow tubes. 

11. An apparatus according to claim 9, wherein the 
absorbing matrix is mercury. 

12. An apparatus according claim 1, wherein the Source 
for producing a beam of charged particles includes an 
electron gun. 

13. An apparatus according to claim 1, wherein the Source 
for producing a beam of charged particles includes an ion 
gun. 

14. An apparatus according to claim 1, wherein the Source 
for producing a beam of charged particles is a cathode ray 
tube. 

15. An apparatus according to claim 1, wherein the Source 
accelerated the beam of charged particles toward the target 
Such that the charged particles attain relativistic energy. 
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16. An apparatus according to claim 1, wherein the 
collimator can be moved in a direction normal to the target 
in Such a manner as to change the Spatial resolution. 

17. An apparatus for providing a SeamleSS Scan of an 
object, the apparatus comprising: 

at least two multiplexed generators of Sequential beams of 
penetrating electromagnetic radiation, each generator 
comprising: 
a Source for producing a beam of charged particles, 
a target having a Surface which receives the beam of 

charged particles and emits electromagnetic waves in 
response thereto, 

an electromagnetic beam director that directs the beam 
of charged particles to a plurality of Specified loca 
tions on the target; 

an electromagnetic Steering device disposed proximal 
to the target, the electromagnetic Steering device 
directing the charged particles to Strike the target at 
a Substantially ninety degree angle to the Surface of 
the target; and 

a collimator, the collimator having an array of trans 
mitting regions and being disposed proximal to the 
target Such that electromagnetic waves emitted from 
the target pass through the collimator and emerge 
from the array of transmitting regions in a Series of 
parallel beams. 

18. An apparatus for generating penetrating electromag 
netic radiation of variable beam opening comprising: 

a Source for producing a beam of charged particles, 

a target having a Surface which receives the beam of 
charged particles and emits electromagnetic waves in 
response thereto; 

an electromagnetic beam director that directs the beam of 
charged particles to the plurality of Specified locations 
on the target; and 

at least one collimator, the collimator being movable in a 
direction normal to the target in Such a manner as to 
change the Spatial resolution. 

19. An apparatus according to claim 18, further including 
a collimator Selector for positioning a specified collimator 
chosen from a set of collimators proximal to the target. 

20. An apparatus according to claim 18, wherein the 
collimator includes a plurality of apertures in an absorbing 
matrix. 

21. An apparatus according to claim 18, wherein the 
collimator includes Substantially parallel transmitting rods 
in an absorbing matrix. 

22. An apparatus according to claim 21, wherein the rods 
are hollow tubes. 

23. An apparatus according to claim 18, wherein the 
Source accelerated the beam of charged particles toward the 
target Such that the charged particles attain relativistic 
energy. 

24. An apparatus according to claim 18, further compris 
ing an electromagnetic Steering device disposed proximal to 
the target, the electromagnetic Steering device directing the 
charged particles to Strike the target at a Substantially ninety 
degree angle tot he Surface of the target. 
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25. A method for generating Sequential beams of pen 
etrating electromagnetic radiation comprising: 

providing a Source for producing charged particles, 
directing the particles to a plurality of Specified locations 

on a target having a Surface to produce radiation; 
Steering the charged particles Such that they hit the target 

at a Substantially ninety degree angle to the Surface of 
the target; and 

collimating the radiation. 
26. A method according to claim 25, wherein the Step of 

directing the particles includes Steering the particles by 
mean of an electromagnet. 

27. A method according to claim 25, wherein the step of 
directing the particles includes Steering the particles by 
means of a permanent magnet. 

28. A method according to claim 25, further comprising: 
accelerating the charged particles toward the target Such 

that they attain relativistic energy. 
29. A method according to claim 25, wherein the source 

for producing charged particles includes an electron gun. 
30. A method according to claim 25, wherein the source 

for producing charged particles includes an ion beam gun. 
31. A method according to claim 25, wherein the colli 

mator includes apertures in an absorbing matrix. 
32. A method according to claim 31, wherein the absorb 

ing matrix is lead. 
33. A method according to claim 25, wherein the colli 

mator includes Substantially parallel transmitting rods in an 
absorbing matrix. 

34. A method according to claim 33, wherein the rods 
include hollow tubes. 

35. A method according to claim 33, wherein the absorb 
ing matrix is mercury. 

36. A method according to claim 25, further comprising 
adjusting a distance between the target and collimator Such 
that spatial resolution is varied. 

37. A method according to claim 25, wherein the dimen 
Sions of the particle beam Scan and Slew rate of the particle 
Scan are under the direct control of the operator. 

38. In a System of the kind employing penetrating radia 
tion for characterizing an object concealed by a concealing 
Surface, an improvement consisting of an apparatus for 
generating Sequential beams of penetrating radiation com 
prising: 

a Source for producing a beam of charged particles, 
a target having a Surface which receives the beam of 

charged particles and emits electromagnetic waves in 
response thereto; 

a electromagnetic beam director that directs the beam of 
charged particles to a plurality of Specified locations on 
the target; 

a electromagnetic Steering device disposed proximal to 
the target, the electromagnetic Steering device directing 
the charged particles to Strike the target at a Substan 
tially ninety degree angle to the Surface of the target; 
and 

a collimator, the collimator having an array of transmit 
ting regions and being disposed proximal to the target 
Such that electromagnetic waves emitted from the tar 
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get pass through the collimator and emerge from the 
array of transmitting regions in a Series of parallel 
beams. 

39. In a System of the kind employing penetrating radia 
tion for characterizing an object concealed by a concealing 
Surface, an improvement consisting of an apparatus for 
generating penetrating radiation of variable beam opening 
comprising: 

a Source for producing a beam of charged particles, 
a target having a Surface which receives the beam of 

charged particles and emits electromagnetic waves in 
response thereto; 

an electromagnetic beam director that directs the beam of 
charged particles to the plurality of Specified locations 
on the target; and 

at least one collimator being movable in a direction 
normal to the target in Such a manner as to change the 
Spatial resolution. 

40. A method for varying the spatial resolution of an 
imaging System, the method comprising: 

providing a Source for producing charged particles and a 
collimator; 

directing the particles to a plurality of Specified locations 
on a target to produce penetrating electromagnetic 
radiation; and 

adjusting a distance between the target and the collimator. 
41. A system for inspecting the contents of containers 

comprising: 
a first Source for emitting Sequential beams of penetrating 

electromagnetic radiation from a target in a first Set of 
directions, 

a conveyor for moving the container relative to the first 
SOurce, 

a Second Source of penetrating electromagnetic radiation 
directed in a direction Substantially opposite to the first 
Set of directions, 
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a first detector for detecting radiation emitted by the first 
Source and generating a first Signal; 

a Second detector for detecting radiation emitted by the 
Second Source and generating a Second Signal; and 

a controller for characterizing the contents of the con 
tainer based at least on the first and Second Signals. 

42. A System according to claim 41, wherein at least one 
of the first and Second detectors is a Scatter detector. 

43. A System according to claim 41, wherein at least one 
of the first and Second detectors is a transmission detector. 

44. A method of producing a continuous X-ray image, the 
method comprising: 

generating Sequential beams of penetrating electromag 
netic radiation from at least two X-ray Sources, the X-ray 
Sources each comprising: 

a Source for producing a beam of charged particles, 

a target having a Surface which receives the beam of 
charged particles and emits electromagnetic waves in 
response thereto; 

an electromagnetic beam director that directs the beam 
of charged particles to a plurality of Specified loca 
tions on the target; 

an electromagnetic Steering device disposed proximal 
to the target, the electromagnetic Steering device 
directing the charged particles to Strike the target at 
a Substantially ninety degree angle to the Surface of 
the target; and 

a collimator, the collimator having an array of trans 
mitting regions and being disposed proximal to the 
target Such that electromagnetic waves emitted from 
the target pass through the collimator and emerge 
from the array of transmitting regions in a Series of 
parallel beams. 


